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I.  INTRODUCTION 


Many  of  the  important  ion  and  neutral  species  in  the  upper  atmosphere 
have  optical  emission  or  absorption  signatures  which  allow  them  to  be 
observed  remotely  from  space.  On  the  dayside,  emissions  are  produced  by 
sunlight  either  directly  through  scattering  of  sunlight,  or  indirectly, 
through  photoelectron  impact  excitation.  On  the  nightside,  airglow  emis¬ 
sions  result  from  the  release  of  stored  chemical  energy  either  through  ion- 
electron  recombination  or  molecular  formation  by  atom-atom  recombination. 
Measurements  of  the  altitude  distribution  of  these  various  airglow  emis¬ 
sions  by  limb-scanning  or  limb-imaging  instruments  from  satellites  can  be 
inverted  to  deduce  the  altitude  profiles  of  the  emitters.  The  Remote 
Atmospheric  and  Ionospheric  Detection  System  (RAIDS)  is  a  satellite  experi¬ 
ment  designed  to  perform  a  comprehensive  mapping  of  these  airglow  emissions 
to  develop  and  test  techniques  for  global  remote  sensing  of  the  neutral 
atmosphere  and  ionosphere. 

The  RAIDS  experiment  is  currently  scheduled  to  be  launched  aboard  a 
polar  orbiting  NOAA  TIROS  satellite  in  mid  1990.  The  RAIDS  instrument 
package  consists  of  one  limb-imaging  and  seven  limb-scanning  optical 
sensors  which  will  scan  the  altitude  range  75  -  750  km  with  a  wavelength 
coverage  from  500  to  8700  A.  Each  RAIDS  limb  scan  will  record  a  series  of 
airglow  profiles  which  can  be  inverted  to  produce  a  simultaneous  set  of 
density  profiles  of  a  number  of  atmospheric  constituents.  This  simultan¬ 
eous  set  of  neutral  and  ion  densities  can  either  be  used  as  inputs  to 
photochemical,  dynamical,  and  ionospheric  models,  or  to  provide  checks  on 
the  accuracy  of  the  model  outputs. 

An  important  opportunity  afforded  by  the  RAIDS  satellite  observatory 
is  the  possibility  to  perform  a  detailed  study  of  the  global  morphology  of 
the  ionosphere  and  upper  atmosphere.  RAIDS  should  be  able  to  define  the 
location  of  ionospheric  disturbances  and  map  their  development,  thus 
providing  optical  measurements  of  "ionospheric  weather"  conditions. 

Without  having  to  resolve  the  smallest  scales  associated  with  regions  of 
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the  ionosphere  giving  rise  to  scintillations,  RAIDS  observations  may  be 
able  to  identify  disturbed  regions  of  the  ionosphere  where  irregularities 
are  likely  to  occur.  By  observing  the  plasma  flow  in  the  vicinity  of  the 
equatorial  anomaly,  RAIDS  will  provide  information  on  ionospheric  and 
neutral  winds.  The  altitude  and  wavelength  coverage  of  RAIDS  makes  it  an 
ideal  observation  platform  for  studying  the  interaction  between  the 
magnetosphere,  ionosphere,  and  thermosphere. 
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II.  SCIENCE  OBJECTIVES 


While  the  RAIDS  instruments  will  measure  emissions  from  a  wide  variety 
of  atmospheric  constituents,  the  primary  focus  of  the  experiment  is  on  F2 
region  ionospheric  airglow.  Techniques  for  determining  electron  densities 
optically  involve  measurements  of  radiation  from  ionospheric  ions  and 
inference  of  electron  density  by  overall  plasma  charge  neutrality.  This  is 
especially  effective  in  the  F2  region  where  the  0+  ion  is  the  dominant  ion, 
with  strong  dayside  and  nightside  optical  signatures. 

On  the  dayside,  RAIDS  will  be  able  to  detect  0+  ions  by  measurement  of 
radiation  in  the  extreme  ultraviolet  (EUV)  portion  of  the  spectrum  (primar¬ 
ily  at  834  A).  The  ionized  oxygen  dayglow  is  produced  initially  from 
ionization-excitation  of  atomic  oxygen  in  the  lower  thermosophere  by 
sunlight  and  energetic  electrons.  When  the  upward-directed  half  of  this 
radiation  enters  the  F2  region,  it  undergoes  multiple  resonant  scattering, 
with  0+  ions  picking  up  the  signature  of  the  ambient  ion  distribution. 

Limb  scans  of  these  optically  thick  EUV  emissions  can  be  analyzed  with  a 
radiative  transfer  model  to  infer  ion  and  electron  densities  [Kumar  et  al., 
1983;  McCoy  and  Anderson,  1984;  McCoy  et  al.,  1985]. 

RAIDS  will  detect  0+  ions  at  night  by  measurement  of  the  neutral 
atomic  oxygen  emission  produced  by  the  recombination  of  either  0+  or 
0*  ions  with  electrons.  This  recombination  nightglow  appears  at  a  number 
of  wavelengths  ranging  from  the  far  ultraviolet  (FUV)  to  the  near  infrared 
(NIR).  Because  most  of  the  0+  nightglow  emissions  that  will  be  measured  by 
RAIDS  are  optically  thin,  limb-scan  profile  measurements  can  easily  be 
inverted  to  yield  0+  densities.  Meier  and  Opal  [1973]  and  Tinsley  and 
Bittencourt  [1975]  have  shown  that  the  magnitude  of  the  nightglow  emission 
rate  is  proportional  to  the  square  of  the  peak  electron  density.  Other 
investigations  of  the  ion  recombination  nightglow  have  been  performed  by 
Hicks  and  Chubb  [1970],  Chandra  et  al.  [1975],  and  Anderson  et  al.  [1976], 
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Secondary  objectives  of  the  RAIDS  experiment  include  measurements  of 
the  neutral  atmospheric  composition  (N2,  02,  and  0),  temperature,  energetic 
photoelectron  flux,  and  the  densities  of  several  minor  constituents. 
Temperatures  will  be  obtained  from  scale  heights  of  the  measured  airglow 
emission  profiles  and  from  the  distribution  of  rotational  line  intensities 
in  molecular  spectra.  The  measured  value  of  radiation  produced  by  photo- 
eiectron  impact  excitation  is  proportional  to  the  product  cf  the  density  of 
the  emitting  species  and  the  photoelectron  flux  and  can  be  inverted  to 
yield  both  quantities.  Two-body  and  three-body  atom  recombination 
reactions  produce  chemiluminescence  which  is  observable  at  night  and  can  be 
analyzed  to  yield  the  concentrations  of  ‘■he  reacting  species. 

Table  1  gives  a  summary  of  the  major  airglow  excitation  processes  that 
will  be  investigated  and  lists  the  corresponding  derivable  quantities  that 
are  included  in  the  RAIDS  mission  scientific  objectives. 


Table  1.  Airglow  Excitation  Processes  and  Observable  Densities 


Airglow  Excitation  Process 

Observable  Quantities 

- 

Dayside : 

Multiple  resonant  scattering  by  0+ 

[0+,  e] 

Solar  resonant  scattering 

[0,  N,  He,  Na,  Mg+] 

Photoelectron  (PE)  impact  excitation 

[N2,  0,  PE  flux] 

Solar  fluorescent  scattering 

[N2,  NO] 

Dissociation /ionization  excitation 

[n2,  N+] 

Absorption 

[o2  ] 

Auroral  electron  excitation 

[N2,  0,  electron  flux  and  energy] 

Chemiluminescence 

[ 0( 1 D ) ,  temp] 

Nightside : 

Ion-electron  recombination 

[0+,  e,  0*] 

Chemi luminescence 

[N,  0,  O^,  H,  Na,  temp] 

Auroral  electron  excitation 

[  N2 ,  0,  electron  flux  and  energy] 

III.  INSTRUMENTATION 


Figure  1  shows  an  artist's  conception  of  the  RAIDS  observation 
platform  mounted  to  the  nadir  side  of  the  NOAA  TIROS-N  satellite.  The 
primary  instrument  package  consists  of  three  parts:  a  central  T  shaped 
structure  housing  the  flight  microprocessor,  scan  mechanism,  and  the  FUV 
imaging  spectrogra, n ;  and  two  rotating  side  compartments  housing  the 
remaining  seven  limb-scanning  instruments.  The  RAIDS  package  has  the 
dimensions  X:  53-3  cm,  Y:  63-5  cm,  Z:  83.8  cm,  where  X  is  in  the  nadir,  Y 
is  in  the  anti-velocity  direction,  and  Z  is  along  the  long  axis  of  the 
satellite. 

To  obtain  a  set  of  airglow  measurements  that  will  satisfy  the  above 
objectives,  the  RAIDS  instrument  package  includes  eight  separate  instru¬ 
ments.  The  instrument  package  includes  two  spectrographs  with  microchannel 
plate  (MCP)  array  detectors,  three  spectrometers  with  scanning  gratings  and 
photomultiplier  detectors,  and  three  single-wavelength  photometers.  The 
spectrographs  record  several  wavelengths  simultaneously,  while  the 
spectrometers  can  either  scan  across  their  entire  wavelength  interval  or 
stop  to  obtain  limb  scans  at  a  fixed  wavelength.  Table  2  gives  a  summary 
of  the  RAIDS  instrument  types  and  capabilities. 

The  EUV  spectrograph  has  an  f/5  nenr-Wadsworth  optical  configuration 
and  uses  an  MCP  detector  with  a  wedge-and-strip  readout  anode  which 
provides  a  linear  array  of  128  pixels.  The  rectangular  field  of  view  of 
this  instrument  is  aligned  parallel  to  the  horizon,  and  this  instrument  is 
mechanically  pivoted  to  scan  the  limb.  The  FUV  spectrograph  has  a 
Wadsworth  optical  design  and  is  used  to  image  the  limb  without  mechanical 
motion.  This  spectrograph  has  a  wedge-and-strip  type  detector  which  uses 
256  pixels  in  the  wavelength  dispersion  direction  and  64  pixels  along  the 
vertical  or  altitude  direction.  This  instrument  uses  an  off-axis  telescope 
to  image  the  1 imb  and  obtains  simultaneous  altitude  and  wavelength  informa¬ 
tion  without  any  moving  parts. 


Fig.  1.  RAIDS  Shown  in  an  Artist's  Conception  Aboard  a  TIROS  Spacecraft 


Table  2.  RAIDS  Instrument  Parameters 
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The  first  and  second  values  correspond  to  the  field  of  view  in  the  altitude  direction 
and  perpendicular  to  that,  respectively. 

W/S  denotes  a  wedge-and-strip  anode  detector;  PMT  denotes  photomultiplier  tube. 


The  three  scanning  spectrometers,  which  are  12 5-mm  focal  length  Ebert- 
Fastie  design,  cover  the  middle  and  near  ultraviolet  (MUV,  NUV),  and  near 
infrared  (NIR).  The  photometers  use  interference  transmission  filters  to 
isolate  the  atomic  oxygen  6300  and  7774  A  lines  and  the  sodium  D  line  at 
5890  A.  Both  the  spectrometers  and  photometers  use  off-axis  telescopes  and 
rectangular  slits  to  define  the  fields  of  view. 
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IV.  OBSERVING  SCHEME 


RAIDS  will  be  mounted  to  the  nadir  side  of  the  TIROS  satellite,  which 
will  occupy  an  early-afternoon  sun-synchronous  870-km  circular  orbit.  The 
instruments  will  view  along  the  anti-velocity  direction  and  scan  (or  image) 
in  the  orbital  plane.  The  RAIDS  scan  platform  uses  a  stepper  motor  to  scan 
the  instrument  lines  of  sight  through  angles  ranging  from  -10  to  -26.5  deg 
below  the  local  horizontal.  This  corresponds  to  tangent  ray  altitudes 
(minimum  altitude  along  the  line  of  sight)  ranging  from  750  to  75  km.  Most 
of  the  observed  airglow  signal  originates  in  the  vicinity  of  the  tangent 
ray  point.  Each  repetition  of  a  limb  scan  will  take  a  total  of  92  sec: 

77  sec  for  the  down  scan  and  15  sec  for  flyback.  The  principal  scan 
direction  is  downward,  since  the  tangent  point  moves  away  from  the  satel¬ 
lite  as  the  satellite  moves  away  from  the  observation  point.  This  motion 
acts  to  limit  the  horizontal  spread  of  the  region  being  observed  at  the 
tangent  point. 

The  RAIDS  experiment  is  microprocessor  controlled  and,  in  addition  to 
limb  scanning,  the  platform  can  be  positioned  to  view  at  any  chosen 
altitude  while  the  spectrometers  scan  through  their  wavelength  intervals. 

A  series  of  these  measurements  can  be  added  together  to  form  an  image 
similar  to  that  obtained  with  the  FUV  spectrograph. 

Figure  2  compares  the  fields  of  view  of  the  instruments  and  shows  the 
region  of  the  atmosphere  observed  during  a  limb  scan  as  seen  from  the 
perspective  of  the  satellite.  The  seven  limb-scanning  instruments  have  the 
long  side  of  their  rectangular  fields  of  view  oriented  parallel  to  the 
horizon.  In  Fig.  2  the  fields  of  view  are  represented  (not  to  scale)  by 
the  dark  rectangle  at  the  top  of  the  scan.  The  spatial  resolution  of  each 
instrument  at  the  limb  is  roughly  5  km  vertically  by  110  km  horizontally. 
The  FUV  spectrograph  field  is  oriented  perpendicular  to  the  horizon  as 
shown  in  Fig.  2  by  the  cross-hatched  area.  This  instrument  views  from  75 
to  300  km  with  3.5-km  resolution.  As  the  scan  platform  moves  downward,  the 
fields  of  all  eight  instruments  overlap  below  300  km.  The  FUV  spectrograph 
image  integration  time  will  be  synchronized  to  the  scan  platform  period. 
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Determination  of  the  spatial  resolution  of  the  instruments  along  the 
line  of  sight  (into  the  page  of  Fig.  2)  depends  on  the  characteristics  of 
the  airglow  emission,  i.e.,  optical  depth  and  emission  scale  height,  and 
the  motion  of  the  spacecraft.  For  a  nominal  optically  thin  emission  at 
200  km  with  a  scale  height  of  30  km,  the  spatial  resolution  along  the  line 
of  sight  would  be  about  1200  km.  This  means  that,  at  a  tangent  altitude  of 
200  km,  the  line  of  sight  is  measuring  airglow  along  a  1200-km  path. 

Between  limb  scans  the  satellite  will  travel  approximately  750  Km,  arid  so 
the  next  observation  at  200  km  will  overlap  the  previous  one  by  at  least 
M50  km.  Successive  limb  scans  can  be  differenced  to  increase  th*3  spatial 
resolution  from  1200  km  to  750  km.  The  spatial  resolution  is  limited  o  iy 
by  the  spacecraft  velocity  and  scan  period.  For  optically  thick  emissions, 
the  spatial  resolution  along  the  line  of  sight  is  dependent  on  the  opacity 
of  the  atmosphere  but  is  typically  much  smaller  than  for  thin  emissions 
since  absorption  limits  the  observation  distance. 
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Fig.  2.  The  RAIDS  Instruments'  Fields  of  View 
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V.  DATAdASE  MANAGEMENT  SYSTEM 


On  the  NOAA  TIROS  satellite,  the  RAIDS  experiment  will  have  a 
continuous  telemetry  rate  in  excess  of  11,200  bits  per  second.  This  high 
telemetry  rate  will  enable  the  production  of  a  very  high  quality  database 
of  global  atmospheric  and  ionospheric  measurements.  The  RAIDS  database 
will  provide  the  temporal,  spatial  and  spectral  resolution  to  enable 
studies  of  the  morphology  of  auroral  and  equatorial  ionospheric  perturba¬ 
tions,  ionospheric  patchiness  and  irregularities,  and  the  transient 
behavior  due  to  solar  and  magnetospher ic  storm  effects.  While  the  high 
data  rate  maxes  it  possible  to  take  full  advantage  of  the  diverse  nature  of 
the  RAIDS  observations,  it  does  present  a  significant  database  management 
challenge.  For  example,  more  than  a  terabit  of  data  will  be  generated  by 
the  end  of  the  second  year  of  operation.  Further  complications  arise  out 
of  the  need  to  coordinate  the  observations  made  with  the  eight  separate 
RAIDS  instruments,  each  with  its  own  operating  characteristics  and  capabil¬ 
ities.  A  final  challenge  is  presented  by  the  requirement  to  include  ground 
truth  measurements  in  the  database,  including  ground-based  ionospheric 
soundings  from  RAIDS  overflights  of  ionosondes  and  radars  and  data  from 
other  coordinated  campaigns. 

An  unconventional  approach  to  database  management  is  required  to 
accomplish  the  above  goals.  One  technique  that  will  be  used  is  to  group 
large  amounts  of  the  RAIDS  data  into  two-dimensional  arrays  to  allow  the 
data  to  be  viewed  and  analyzed  as  false-color  images  or  maps.  For  example, 
data  can  be  sorted  by  wavelength,  latitude,  altitude,  time,  atmospheric 
species,  etc.,  and  then  viewed  as  a  function  of  any  two  independent  vari¬ 
ables.  To  ensure  that  efficient  and  timely  use  is  made  of  the  RAIDS  data, 
the  RAIDS  database  management  effort  is  comparable  to  that  invested  in  the 
RAIDS  science  and  hardware  development. 

The  steps  planned  for  processing  the  RAIDS  data  are  illustrated  in 
Fig.  3.  A  single  day  of  data  will  be  delivered  on  a  single  6250-bpi  tape 
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Fig.  3.  The  RAIDS  Database  Design 
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(data  Level  0).  This  data  tape  will  be  processed  to  yield  time-ordered  and 
contiguous  data  records  as  well  as  associated  ancillary  engineering  data. 
The  reconstructed  data  at  Level  1A  will  represent  the  first  point  at  which 
the  instrument  data  can  be  accessed  for  analysis.  Because  of  the  high 
spatial  and  temporal  resolution  of  the  experiment,  there  will  be  applica¬ 
tions  where  the  data  can  be  averaged  spatially  or  temporally.  In  all  cases 
the  data  reaches  Level  IB  in  physical  units  rather  than  engineering 
units.  It  is  at  this  point  that  the  data  will  be  compressed  and  sorted 
into  maps.  These  images  will  be  routinely  produced  for  a  subset  of  the 
emission  features  observed  by  RAIDS  and  will  comprise  Level  2A  in  the 
database.  These  maps  could  then  make  up  a  browse  file  which  could  be 
examined  in  support  of  particular  activities  (e.g.,  scene  generation  and 
verification) . 

Above  Level  2  the  application  of  inversion  techniques  is  required  to 
yield  additional  information.  For  instance,  volume  emission  rates  and 
density  profiles  can  be  obtained.  The  production  of  data  at  Level  4 
requires  some  interaction  with  Level  3  and  modelling  and  interpretation  of 
the  results.  This  represents  the  final  step  in  the  processing  of  the  RAIDS 
data:  the  production  of  such  physical  ionospheric  parameters  as  the 
electron  density  profile,  TEC,  f0F2,  Hmax>  etc. 
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VI.  CONCLUSIONS 


The  RAIDS  observatory  will  provide  a  unique  opportunity  to  study  space 
weather  and,  in  particular,  ionospheric  weather  in  the  mid  1990s.  This 
ambitious  new  program  embodies  new  remote  sensing  techniques,  advances  in 
optical  instrument  and  detector  design,  and  benefits  from  the  advent  of 
efficient  and  practical  means  for  dealing  with  large  databases.  The 
ultimate  goal  of  the  RAIDS  observing  program  is  to  distill  from  the 
enormous  number  of  atmospheric  soundings  simple  relationships  between 
ionospheric  airglow  and  the  atmospheric  composition  and  structure  on  both 
the  day  and  night  side  of  the  earth.  A  number  of  relationships  have  been 
identified  and  await  further  verification  and  validation.  The  simple 
relationships  that  will  be  developed  under  the  RAIDS  program  should  help 
optimize  future  optical  remote-sensing  sensors  and  lead  to  operational 
systems  for  real-time  global  ionospheric  remote  sensing. 
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LABORATORY  OPERATIONS 


The  Aerospace  Corporation  functions  as  an  "architect -engineer"  for 
national  security  projects,  specializing  in  advanced  military  space  systems. 
Providing  research  support,  the  corporation's  Laboratory  Operations  conducts 
experimental  and  theoretical  investigations  that  focus  on  the  application  of 
scientific  and  technical  advances  to  such  systems.  Vital  to  the  success  of 
these  investigations  is  the  technical  staff's  wide-ranging  expertise  and  its 
ability  to  stay  current  with  new  developments.  This  expertise  is  enhanced  by 
a  research  program  aimed  at  dealing  with  the  many  problems  associated  with 
rapidly  evolving  space  systems.  Contributing  their  capabilities  to  the 
research  effort  are  these  individual  laboratories: 

Aerophysics  Laboratory:  Launch  vehicle  and  reentry  fluid  mechanics,  heat 
transfer  and  flight  dynamics;  chemical  and  electric  propulsion,  propellant 
chemistry,  chemical  dynamics,  environmental  chemistry,  trace  detection; 
spacecraft  structural  mechanics,  contamination,  thermal  and  structural 
control;  high  temperature  thermomechanics ,  gas  kinetics  and  radiation;  cw  and 
pulsed  chemical  and  exciraer  laser  development  including  chemical  kinetics, 
spectroscopy,  optical  resonators,  beam  control,  atmospheric  propagation,  laser 
effects  and  countermeasures. 

Chemistry  and  Physics  Laboratory:  Atmospheric  chemical  reactions, 
atmospheric  optics,  light  scattering,  state-specific  chemical  reactions  and 
radiative  signatures  of  missile  plumes,  sensor  out-of -f ield-of -view  rejection, 
applied  laser  spectroscopy ,  laser  chemistry,  laser  optoelectronics,  solar  cell 
physics,  battery  electrochemistry,  space  vacuum  and  radiation  effects  on 
materials,  lubrication  and  surface  phenomena,  thermionic  emission,  photo¬ 
sensitive  materials  and  detectors,  atomic  frequency  standards,  and 
environmental  chemistry. 

Computer  Science  Laboratory:  Program  verification,  program  translation, 
performance-sensitive  system  design,  distributed  architectures  for  spaceborne 
computers,  fault -tolerant  computer  systems,  artificial  intelligence,  micro¬ 
electronics  applications,  communication  protocols,  and  computer  security. 

Electronics  Research  Laboratory:  Microelectronics,  solid-state  device 
physics,  compound  semiconductors,  radiation  hardening;  electro-optics,  quantum 
electronics,  solid-state  lasers,  optical  propagation  and  communicat Ions; 
microwave  semiconductor  devices,  raicrowave/mllliraeter  wave  measurements, 
diagnostics  and  radiometry,  microwave/millimeter  wave  thermionic  devices; 
atomic  time  and  frequency  standards;  antennas,  rf  systems,  electromagnetic 
propagation  phenomena,  space  communication  systems. 

Materials  Sciences  Laboratory:  Development  of  new  materials:  metals, 
alloys,  ceramics,  polymers  and  their  composites,  and  new  forms  of  carbon;  non¬ 
destructive  evaluation,  component  failure  analysis  and  reliability;  fracture 
mechanics  and  stress  corrosion;  analysis  and  evaluation  of  materials  at 
cryogenic  and  elevated  temperatures  as  well  as  in  space  and  enemy-induced 
environments. 

Space  Sciences  Laboratory:  MagneCospheric,  Auroral  and  cosmic  ray 
physics,  wave-particle  interactions,  magnetospheric  plasma  waves;  atmospheric 
and  ionospheric  physics,  density  and  composition  of  the  upper  atmosphere, 
remote  sensing  using  atmospheric  radiation;  solar  physics,  infrared  astronomy, 
infrared  signature  analysis;  effects  of  solar  activity,  magnetic  storms  and 
nuclear  explosions  on  the  earth's  atmosphere,  ionosphere  and  magnetosphere; 
effects  of  electromagnetic  and  particulate  radiations  on  space  systems;  space 
instrumentation. 


